INTRODUCTION
============

Hernia repairs are the most common elective abdominal wall procedures performed by general surgeons. Recently, the use of a mesh has become the standard in hernia repair surgery worldwide owing to the reduced rates of recurrence and technical ease of the operation \[[@B1]-[@B3]\]. However, mesh-related complications have become increasingly more frequent. Postsurgical mesh-related infections are rare but troublesome complications that cause considerable morbidity and necessitate mesh removal. Antibiotics and mesh-saving operations are not sufficient to eradicate the infection in the majority of cases \[[@B4]-[@B7]\].

However, the true incidence of chronic mesh infection following inguinal hernia repair is unclear. Gilbert and Felton \[[@B8]\] reported an infection rate of 0.8% in a review of 1,834 mesh inguinal hernia repairs, whereas the pooled Lichtenstein series \[[@B9]\] reported an overall infection rate of 0.003% for patch repairs of inguinal hernias. Clearly, the incidence of chronic mesh infection is highly variable among published series and might be related to the surgical technique, type of mesh, and strategies necessary to prevent infections. The main approach to prevent mesh infection is intravenous preoperative administration of antimicrobial agents. However, controversy exists concerning the use of antibiotic prophylaxis in hernia surgery \[[@B10]\]. We conducted two randomized trials in our clinic to investigate the use of antibiotic prophylaxis in open prosthetic inguinal hernia repair and found a major advantage with prophylactic antibiotic use with surgical site infection rates of 1.4 and 0.9% \[[@B11],[@B12]\].

Herein, we report our series of chronic mesh infection following open inguinal hernia repair with onlay prosthetic mesh and our treatment of this complication.

METHODS
=======

We conducted a retrospective review of chronic mesh infections following inguinal hernia repair managed at the Ankara University School of Medicine, Department of General Surgery, Hernia Surgery Unit (Ankara, Turkey) between January 2000 and March 2012. The medical records of these patients were reviewed retrospectively and information regarding presentation, types of previous hernia repair, types of mesh used, operative findings and bacteriological examination results were obtained. Patients who underwent an open hernia repair using multifilament polypropylene mesh and the onlay technique were evaluated. The majority of patients in this series had hernia repairs at other institutions and were referred to our clinic for treatment of chronic infections. Infections that occurred 30 days after operation and involved only skin or subcutaneous tissue of the incision were defined as superficial incisional infections \[[@B13]\]. Patients presenting with superficial incisional infections were excluded and only those diagnosed with deep prosthetic infections were included in the present study.

All of the referred patients had received repeated courses of antibiotic therapy before admission to our clinic. Our treatment strategy includes systemic antibiotic therapy, drainage of abscesses and removal of the infected mesh. In all of the patients, the infected meshes were removed completely and associated sinus tracts were extirpated. Specimens were sent for bacteriological examination at the time of the operation. In none of the patients did we attempt to reinforce the transversalis fascia, which was thickened and fibrosed even after mesh removal. All operations were performed by a consultant surgeon or under direct supervision of the consultant. Patients were further followed up and reviewed in an outpatient clinic to determine hernia recurrence following mesh removal.

RESULTS
=======

In our clinic, between the years 2000 and 2012, 2,940 hernia repairs were performed and in 4 of these patients, graft infection is observed. Eleven of these patients who had graft infection, had hernia surgery in other medical centers. During the study period, 15 mesh removals were performed because of chronic infections in 14 males and one female with a median age of 52 years (range, 35 to 75 years). At the time of presentation, 13 patients had chronic sinus discharge while two had abscesses ([Fig. 1](#F1){ref-type="fig"}). Systemic manifestations of infection were not observed in any of the patients. The interval from hernia repair to mesh removal was 4 to 204 months ([Table 1](#T1){ref-type="table"}, [Fig. 2](#F2){ref-type="fig"}). During this period, all patients were treated with antibiotic regimens, abscess drainage and local wound care and were referred to our clinic after failure of this conservative approach.

Bacteriological examinations of the materials that were removed were negative in nine patients, whereas bacterial isolates were obtained in six patients. Four cultures were positive for *Staphylococcus aureus*, of which two were methicillin-resistant. One culture contained enteroccoci and *Escherichia coli* and another was positive for coagulase-negative *Staphylococcus*.

Patients were followed up for a median period of 62 months (range, 16 to 115 months). In all of the patients, infections were resolved successfully and none were persistent or recurrent. However, one patient reported a burning sensation (paresthesia) after mesh removal and developed nerve injury and while another patient, who underwent mesh removal 4 months after the initial hernia repair, developed a recurrent hernia during the follow-up period.

DISCUSSION
==========

Open tension-free mesh repair is the gold standard for managing inguinal hernias. In spite of its advantages, the use of prosthetic mesh in hernia repair also increases the risk of complications, such as chronic infection. Deep prosthetic infections should be distinguished from superficial incisional infections \[[@B14],[@B15]\], which tend to occur in the early postoperative period and do not seem to be influenced by the use of mesh. These infections are typically managed without the need for mesh removal since they do not involve the mesh. In contrast, deep prosthetic infections have been rarely reported in the literature. One of the most striking features of prosthetic infections is that they tend to present after a delayed period following mesh repair \[[@B4],[@B16]\]. In our series, the mean time period between hernia repair and removal of the infected mesh was 49 months. In deep prosthetic infections, patients may present with local acute inflammation and systemic manifestations such as fever and malaise. More frequently, deep mesh infections tend to present in a more indolent manner with chronic, persistent or recurrent signs and symptoms. Typically, patients present with sinus formation as seen in our series \[[@B4],[@B5],[@B16]\].

Radiological techniques, including ultrasound and computerized tomography, are useful for diagnosis \[[@B17]\]; however, in our series, these techniques were not necessary for diagnosing mesh infection.

The most common pathogens involved in mesh infections are *Staphylococcus* species (especially *S. aureus*), *Streptococcus* spp., gram-negative bacteria (mainly *Enterobacteriaceae*) and anaerobic bacteria \[[@B4],[@B16],[@B18],[@B19]\]. Methicillin-resistant *S. aureus* (MRSA) accounted for 63% of the isolated microorganisms in a study of mesh-related infections following incisional herniorrhaphy \[[@B20]\]. In the present study, bacterial isolates were obtained in 40% of the cases, from which 66% were MRSA, which is in agreement with previous reports \[[@B4],[@B7],[@B16]\]. Recent or concomitant antibiotherapy could have been responsible for the low identification of causative pathogens from intraoperative mesh samples of these patients. It is well known that *Staphylococcus* spp., which are the most common causative organisms in mesh infections, produce biofilms on prostheses, which also contributed to the low identification rate of organisms via bacteriological examinations \[[@B21]\]. Because culture results can be negative in many cases, a diagnosis of chronic mesh infection is based on clinical presentation.

A combined medical and immediate surgical approach involving intravenous antimicrobial agents and complete surgical removal of the mesh is suggested for mesh-related infections to reduce the risk of infection recurrence or severe complications, such as visceral adhesions and fistulae. Conservative surgical approaches such as abscess drainage, sinus excision or partial mesh excision can fail and result in recurrent mesh infections \[[@B7],[@B18],[@B22]\]. In the present series, all cases underwent mesh removal and all patient symptoms were resolved successfully with no persistent or recurrent infections.

Removal of the infected mesh may not result in recurrent herniation if sufficient fibrous scarring remains. The initial reaction in response to surgically implanted prosthetic mesh is characterized by acute inflammatory cell infiltration followed by fibroblast infiltration through the interstices of the porous mesh that gradually replace inflammatory cells \[[@B23]-[@B25]\]. Under ideal circumstances, implanted mesh material becomes incorporated into the surrounding tissues via fibrous infiltration and the formation of a linear neo-fascia. Recurrent hernia does not develop if adequate fibrous reaction and scarring occurred prior to mesh removal. Polypropylene mesh was used in all patients in the present series. Fibrosis at the site of mesh implantation mostly depends on the mesh structure and material. Despite numerous recent developments, polypropylene remains the most commonly used material for hernia repairs. Due to the large pore size and biocompatibility of the material, it has the greatest tissue in-growth and has been shown to excite a significant inflammatory reaction resulting in excessive scarring \[[@B26]\]. The strength of mesh repair lies in the fibrous reaction evoked by the prosthetic material rather than the mesh itself; therefore, mesh removal does not always result in hernia recurrence. To the best of our knowledge, there are no previous reports documenting hernia recurrence following removal of infected mesh material inserted by open or laparoscopic techniques \[[@B5],[@B6]\]. Although recurrence is rare after mesh removal, recurrence was observed in one of the cases (6.7%) in the present series. This case was treated with a laparoscopic total extraperitoneal approach. The reason for this high recurrence rate may be associated with the limited number of patients. Laparoscopic total extraperitoneal hernia repair has been considered a safe and effective surgical approach for recurrent hernia following an anterior technique \[[@B27]\].

One limitation to our study was the limited number of cases. However, an infection following hernia repair is not a frequent complication; therefore, management of chronic mesh infections should rely on reports of series with a greater number of patients.

In conclusion, chronic mesh infections may present after a long period following hernia repair, which are diagnosed on clinical grounds. Complete mesh removal ensures infection eradication and rarely results in hernia recurrence if sufficient fibrous scarring remains.
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